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REVIEW OF LITERATURE 


ORIGIN OF SYNOVIAL FLUID 


During the past century the view was held that the joint 
space develops in the embryonic joint anlage as a result of local 
degeneration of tissue (38, 83). Hagen-Torn (38) and Retterer 
(82, 83) regarded the embryonic joint fluid to be a mixture of 
liquefied ground substance and cell decomposition products. 
Later investigations have shown that the cavitation is the result 
of the active function of cells (34). According to Vaubel (107) 
the fluid in the cavity is elaborated by living mesenchymal cells. 

A number of theories have been presented concerning the 
mechanism of formation of the adult synovial fluid. According 
to the oldest theory, originating with Havers (41), the synovial 
fluid is a product of »glandulary synovial membrane cells. The 
secretion theory in a modified form was still recently supported 
by Kling (55, 56). The theory that the synovial fluid is a tran- 
sudate from capillaries and iymphatics was presumably first 
suggested by Bichat (11). Later supporters of the transudation 
theory considered the synovial fluid mucin a product of disinte- 
gration of the synovial membrane (32, 38, 40, 105) or a product 
of active function of cells in the synovial tissue (60). The theory 
that the synovial fluid originates in cartilage (66) has received 
little support. 

Hiiter (49) was the first to demonstrate that the synovial 
tissue in fact is connective tissue with no actual membrane and 
that the joint cavity is an enlarged tissue space. The general 
view today is that the synovial tissue is a specialized connective 
tissue and that it does not contain secretory cells (7, 8, 21, 34, 53, 54, 
107, 108). Many investigators (19, 49, 53, 54, 85, 107, and others) 
are of the opinion that the synovial fluid is the liquid matrix 
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of connective tissue. Corresponding in principle is the theory 
proposed by Bauer and his co-workers that the synovial fluid 
is a dialysate of serum, to which mucin is added as the fluid 
diffuses through the synovial tissue into the joint cavity (90). 
The presence of protein in the synovial fluid is explained in this 
theory by a slight capillary permeability to protein. 
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COMPOSITION AND PROPERTIES OF SYNOVIAL 
FLUID 


The composition and properties of normal synovial fluid 
have been studied chiefly from human synovial fluid aspirated 
post mortem and the synovial fluid of animals. The first analysis 
of synovial fluid was carried out by Frerichs (32) in 1846. 

The normal synovial fluid contains some amount of cells, 
albumin, globulin and mucin. Glucose and soluble nitrogenous 
substances are present approximately in the same concentrations 
as in the plasma, electrolytes in about the same concentrations 
as in the plasma dialysates (89). The most definite differences 
between normal and pathological synovial fluids have been 
found to exist in the cytological features (18, 22, 43, 89), the protein 
concentration and the colloidal properties, such as viscosity. 


ELECTROLYTES 


Ropes, Bennett and Bauer (90) studied the electrolyte con- 
centrations of bovine synovial fluid and serum and observed 
that the ratio between these concentrations corresponds to the 
theoretic Donnan equilibrium. In their investigation the sodium 
and potassium concentrations were lower in synovial fluid than 
in serum. Yielding, Platt and Holley (110) reported that in 
persons without joint disease the ratio between synovial fluid 
sodium and serum sodium was 0.93 in average and the ratio 
for potassium 1.08, and that in patients suffering from rheuma- 
toid arthritis the ratio for sodium was 0.99 and for potassium 
1.03. 

Data published by several authors on the electrolyte con- 
centrations of normal and certain pathological synovial fluids 
are listed in Table 1. 
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PROTEINS 


Qualitative studies on proteins in normal synovial fluid 
carried out by Curtain (20) and Platt, Pigman, Holley and 
Patton (76) suggested that the proteins, at least for the greater 
part, are derived from serum. It has not been definitely demon- 
strated whether or not protein is synthetized in the synovial 
tissue. Perlmann and Kaufman (73) found in a few cases higher 
y-globulin contents in rheumatoid synovial fluid than in the 
corresponding sera and suggested that this observation pointed 
to the possible synthesis of protein in the synovial tissue. The 
removal of protein from the joint cavity occurs, according to 
Bauer, Short and Bennett (9), entirely by way of the lymphatics. 

Findings reported in the literature on the protein concen- 
tration of synovial fluid are assembled in Table 2. Risak and 
Winkler (84) and Keefer, Myers and Holmes (51) observed that 
in rheumatoid arthritis the total protein concentration of the 
synovial fluid was higher in joints with severe than in those 
with milder inflammation. Ropes and Bauer (89) established 
a correlation between the fluid total protein concentration on 
the one hand, and the severity and duration of the disease and 
duration of the effusion, on the other hand. They also observed 
that in patients with intermittent joint effusion the protein 
concentration of synovial fluid decreased with increasing effusion 
and increased with decreasing effusion, and suggested that the 
entering fluid was lower in protein than the fluid present in the 
joint cavity. Sundblad (102) observed a positive correlation 
between the total protein concentration and the volume of fluid 
in traumatic arthritis and in »arthritis of infectious or unknown 
etiology» but he did not find this correlation in rheumatoid 
arthritis. . 

The albumin/globulin ratio of normal synovial fluid is higher 
than that of serum (89, 90). Among pathological synovial fluids, 
according to Ropes and Bauer (89), the traumatic synovial fluid 
is nearest to normal fluid with regard to the protein ratios. 
In traumatic synovial fluids they found a,- and f-globulins in 
the same relative concentrations as in the corresponding sera, 
but @,- and y-globulins in smaller amounts in the fluids than in 
the sera. In the series of Schiirch, Viollier and Sillmann (98) 





























TABLE 2 
PROTEIN CONCENTRATIONS OF NORMAL AND CERTAIN PATHO- 
Num- 
; . Type of ber 
Authors Year Synovial Fluid of 
Fluids 
ED. 25.4 hhh sivd aye ee enaens ve 1953 normal 2 
Platt, Pigman Holley & Patton (76).... 1956 » 14 
Ropes, Rossmeisl & Bauer (92) ........ 1940 normal, 10 
meee stn WUD » post mortem » 
= | ne » » 1 
OS: Peer re TTT rer eee 1946 » 6 
Platt, Pigman, Holley & Patton (76) ... 1956 » 11 
eT Tree eee 1924 edematic 16 
Ropes, Rossmeisl & Bauer (92) ....... 1940 » 60 
—e— & —§ besases » » » 
—»— siuailes » » 6 
per ale » » » 
DMEEE VisstecKSseb60d sso ee ax esa 1946 » 5 
Allison, Fremont-Smith, Dailey & Ken- 
| TP are er rn 1926 traumatic 13 
See re 1936 » 2 
rere ere rrr errr rer 1939 » 31 
Schiirch, Viollier & Siillmann (98)...... 1950 » 29 
ee a » | » » 
PY Gikacwiense ss veka dees ss 1951 » 7 
ee 8 Peererr eer 1953 » 30 
cat et Soa i Sh ee eee ee » » » 
—— = —«C ww Ww G9 O'S. S'S » » 17 
a. dag Oe ee ee ee ee ee » » » 
re errr 1953 > 41 
Perlmann, Ropes, Kaufman & Bauer (74) 1954 » 6 
Cajori, Crouter & Pemberton (15) .... 1926 rheumatoid 11 
Cajori & Pemberton (16) ............ 1928 | » 11 
Se SO wa ne oe » » » 
Risak & Winkler (84) ................ 1929 » 5 
Rr re a rrr 1931 » 10 
Keefer, Myers & Holmes (51) ........ 1934 » 9 
ee ee eer re 1936 | » 21 
er ee ee eee 1939 » 7 
| re 1946 » 5 
Ziff, Scull, Ford, McEwen & Bunim | 
See ee eee 1952 » | 4 
Jessar, Ganzell & Ragan (50) .......... 1953 » | 10 
Ropes & Bauer (89) ...........0.00005 1953 ‘ | 127 
ee a en tei la cae bb ee ee OK » » » 
= eS ae » » 61 
el. toe a ee eee ee » » 33 
ce Ee 1953 » » 
Perlmann, Ropes, Kaufman & Bauer 
SE ee ree eee 1954 > 21 
Sundblad, Egelius & Jonsson (103) .... 1954 » 10 
ei tks be picid pba aWess.ne 6% 1955 » 50 
Yielding, Platt & Holley (111) ........ 1956 | » 34 
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Protein Concentrations, 











g./100 ml. 
Characteristic A/G 
Reported Ratio 
= Albumin Globulin 
Protein 
mean 2.8 me 
» 2.8 2.08 
» 172 ; 
range 1.31—2.12 - = “A 
—= ae 1.02 0.05 2.04 
range 1.3—2.4 ae 
mean 2.0 1.78 
range 0.45—2.49 
mean 0.63 
range 0.012—1.78 ee “i 
mean 0.67 0.17 
range 0.12—1.45 0—0.33 
> 0.94—2.2 
» 3.64—6.33 
» 3.25—3.35 
» 2.9—6.0 
mean 4.35 
range 3.68—6.18 
» 2 = 
mean 3.89 
range 2.85—5.45 sit - 
mean 2.97 1.06 
range 2.31—4.04 0.59—2.02 
mean 4.0 ed 
range 2.99—3.90 
» 4,.18—7.25 he sa a 
mean 4.97 3.00 1.47 2.0 
range 3.54—6.02 2.26—3.72 0.31—2.45 1.2—8.8 
» 1.0—4.1 
» 3.8—7.5 
» 2.4—5.1 
» 2.72—8.55 
» 3.8—6.3 
» 4,.2—5b.9 
» 3.4—4.3 1.7—2.6 1.5—1.9 0.9—1.5 
» 4.26.6 7 ge4 fae 
mean 4.77 
range 1.74—8.89 ny - 
mean 2.76 2.06 
range - 1.91—3.72 0.80—6.77 
mean 5.1 Wi is 
range 3.98—6.43 
mean 4.11 
» 4.7 
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and of Olhagen (72) the electrophoretic protein patterns of 
traumatic synovial fluid during an incipient stage of the effusion 
corresponded to those of serum, but in recurrent cases and in 
cases with persisting effusion of long duration there was a relative 
increase in the y-globulin. In some cases of rheumatoid arthritis 
Ropes and Bauer (89) found even a lower albumin/globulin 
ratio in the synovial fluid than in the serum. Their observations 
indicated that the more severe the inflammation of the joint, 
the greater the percentage increase in globulin. Perlmann and 
Kaufman (73) and Olhagen (72) found that especially the y- 
fraction increased with duration of the disease. 

Table 3 gives data reported in the literature on the electro- 
phoretic protein patterns of traumatic and rheumatoid synovial 
fluids. 


HYALURONIC ACID 


Ogston and his co-workers (70, 71) wrote that the function 
of hyaluronic acid in synovial fluid is to contribute to the lubri- 
cant and elastic properties of the fluid. Ogston and Stanier 
(67, 68, 69) concluded that hyaluronic acid exists in synovial 
fluid in the form of a protein complex, which is a highly hydrated 
flexible chain polymer. The high intrinsic viscosity of its solu- 
tions, in their opinion, is due to the large degree of hydration 
(68, 69). : 

The opinion most generally accepted is that the hyaluronic 
acid of connective tissue is elaborated by fibroblasts (23). Defi- 
nite knowledge is lacking on the origin of the hyaluronic acid 
in synovial fluid but the studies carried out by Vaubel (106) 
and Kulonen (57) with synovial cells in vitro have provided 
evidence that it probably is elaborated by the synovial cells. 

The total amount of hyaluronic acid has been found generally 
to be higher in pathological synovial fluids than in normal fluids, 
although the concentration may be lower in pathological than 
in normal fluids. The increase in the total amount has been 
suggested by Ragan and Meyer (79) and by Kulonen (57) to be 
a result of an increased production of hyaluronic acid in synovial 
tissue. 

Table 4 gives data on the hyaluronic acid concentration of 
normal and certain pathological synovial fluids. In rheumatoid 
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arthritis Ropes and Bauer (89) observed the lowest concen- 
trations in severe cases of the disease, but Egelius, Jonsson and 
Sundblad (26) found no correlation between the hyaluronic acid 
concentration and the activity of the disease or the severity 
of the joint destructions produced by the disease. Kulonen (57) 
found a positive correlation between the hyaluronic acid and 
protein concentrations in pathological synovial fluids. No infor- 
mation is available on sulfur-containing polysaccharides. 


VISCOSITY 


Figures reported for the viscosity of synovial fluid are assem- 
bled in Table 5. Ragan (77), and Ropes and Bauer (89) observed 
a lower relative viscosity in early rheumatoid arthritis than in 
advanced cases. In the series of Egelius, Jonsson and Sundblad 
(26) the values of anomalous viscosity tended to be lower in 
early cases without bone destructions, and in younger patients. 

A positive correlation was obtained by Sundblad (102) 
between the intrinsic viscosity of the synovial fluid and the 
blood erythrocyte sedimentation rate in cases of »arthritis of 
infectious or unknown etiology» but not in rheumatoid arthritis. 
The intrinsic viscosity was lower in febrile cases of rheumatoid 
arthritis than in afebrile cases. No correlation was observed by 
Sundblad (102) between the intrinsic viscosity and the duration 
of the disease. There was a negative correlation between the 
intrinsic viscosity and the hyaluronic acid concentration of 
synovial fluid in his study. 


COLLOID OSMOTIC PRESSURE 


Ropes, Bennett and Bauer (90) measured the colloid osmotic 
pressure of 6 bovine synovial fluids and the corresponding sera. 
The colloid osmotic pressure of the synovial fluid varied in 
the range of 127—170 mm. H,O and that of serum in the range 
of 340—403 mm. H,O, the means being 150 and 365 mm. H,O, 
respectively. By measurement of the freezing point depression, 
Kulonen (57) determined that the colloid osmotic pressure of 
the synovial fluid in cases with chronic effusion was slightly 
higher than that of serum. 
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TABLE 5 
VISCOSITY OF NORMAL AND CERTAIN PATHOLOGICAL 




















a: Type of Number 
cena sn Synovial Fluid | of Fluids 
EE HEED iS aviscressesewersesons 1953 normal 2 
ge | en ee ines 1925 normal, 31 
Dt aiciseisis sie wa sae 9 os 15) S10 » post mortem » 
Ropes, Rossmeis! & Bauer (92) ....... 1940 » 20 
— > —-———SsSs‘C WO » » » 
NE TEED Ka eikehar eek de choco nse ss 1946 » 9 
Ropes, Robertson, Rossmeisl, Peabody & 
rere Tr TT er Tr ee 1947 » 16 
Memee & Meyer (70)... ...6..00.0000005 1949 » 13 
Ropes & Bauer (89) ............---05: 1953 » 22 
— 9 — eh Cee ee ce eerceeee » » » 
Ropes, Rossmeisl & Bauer (92) ........ 1940 edematic 7 
<=) snort ine for fe » » » 
OHA GMD caching ses .f6aee ebies sews 1946 . 5 
CET Te Te Tee Teer 1936 traumatic 2 
Ropes, Robertson, Rossmeisl, Peabody & 
ES eerr rrr rc rr rere 1947 » ot 
Ropes & Bamer (G9) ........ccceces20s 1953 » 22 
~— 3, Jat or ee ee ee » » » 
ED cincinké pa kees' seas ee exes 1953 » 55 
—— Lar ee ee ee ee » » » 
BORED, TAME NGO) ons cscs ccss ccs 1956 » 8 
Cajori, Crouter & Pemberton (15) ...... 1926 rheumatoid 9 
Cajori & Pemberton (16) .............. 1928 » | 11 
Oe WWM WO aS ww Oe » » » 
RN ns cpa kids ehasbeawweos 1936 » | 37 
NN ere rere Ser eT ee 1946 » | 5 
Ropes, Robertson, Rossmeisl, Peabody & 
a ee ere 1947 » iy 
Ragan & Meyer (79) ..............%. 1949 » 41 
=, Ja oe Lr ee ee ee ee » » » 
Ziff, Scull, Ford, McEwen & Bunim (109) . 1952 » 5 
Jessar, Ganzell & Ragan (50) .......... 1953 » 10 
ee ee | 1953 » 79 
IEE, ik ccevkecneseena sees oe 1953 » 40 
ae |... ih in ee 0 30 BS 410 60 Sw we ee » » » 
Robinson, Duff & Smith (88) .......... 1954 » 35 
<a gee a ne re » » » 
Sundblad, Egelius & Jonsson (103) .... 1954 » 14 
EN hb sn se S06 xo 56 000% 1956 | » 25 
a De | 1956 » 32 
Yielding, Platt & Holley (111) ........ | 1956 » 12 


On the basis of the results of their measurements and of the 
theoretic colloid osmotic pressure of protein Ropes, Bennett and 
Bauer (90) calculated that the colloid osmotic pressure of mucin 
is nine times as high per gramme as that of serum albumin. 
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SYNOVIAL FLUIDS, ACCORDING TO SEVERAL AUTHORS 
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Log. Rel. Visc. 

















Characteristic Relative Intrinsic 2 Tempera- 
Reported Viscosity Viscosity | ae ture, °C. 
mean > 300 39.3 37 

» 248.7 ot | 22 
range 3.9—1 490 | » 
mean 150 25 
range 51—403 » 

» 60—185 21 
mean 203 | os 38 
range 2.3—575.0 | 10.44—20.85 ee 
mean 235 Ne 38 
range 5.7—1 160 | » 
mean 53 | 25 
range 6—174 » 

» 3.0—62.2 21 

» 2.8—11.2 20 
mean Stel 38 

» 24 38 
range 3.8—83 . » 
mean a 35.6 37 
range 3—300 - » 
mean a 33.3 21.5 
range 2.7—16.7 bs 20 
mean 4.08 20 
range 2.91—4.79 » 

» 4,.2—32.5 20 

» 5.6—175 21 
mean 1334 38 

» 123 | me wr 
range 4.5—>1 100 4.16—13.80 7” 

» 3.5—8.1 So 38 

» 5.7—43.9 8.2—17.4 21 
mean 16 38 
range 2—34 - 37 
mean ia 26.3 » 

» 10.7 a 20 
range 4.7—47.6 ee » 
mean 27.2 | 37 
range 5—69 | 37 
mean = 29.1 | 21.5 

» 34.3 3 37 


They suggested it as possible that alterations in the mucin may 
play a role in the mechanism of formation of joint effusion. 
Kulonen (57), however, could find no effect by the degradation 
of hyaluronic acid on the freezing point of synovial fluid. 
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Sundblad (102) observed a negative correlation between the 


hyaluronic acid concentration and the volume of synovial fluid 
and a positive correlation between the total protein concentration 
and the volume of fluid in traumatic arthritis, but did not find 
these correlations in rheumatoid arthritis. There was no correla- 
tion in either group between the intrinsic viscosity and the 


fluid volume. 
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EFFECTS OF CORTICOSTEROIDS ON CONNECTIVE 
TISSUE AND SYNOVIAL FLUID 


Clinical observations and numerous experimental studies 
have shown that several hormones regulate the biological events 
in connective tissue and that disturbances in the endocrine 
system induce pathological changes in this tissue. It is known 
that at least somatotrophin, thyrotrophin, thyroxine, adreno- 
cortical hormones, sex hormones (3, 4) and insulin (95) directly 
participate in the regulatory mechanism of connective tissue. 

The general observation made on the effects of corticosteroids 
on connective tissue is that they have an inhibitory action on 
the connective tissue functions. It is held that their significance 
in inflammatory conditions is based on their ability to check 
inflammatory processes. In Table 6 are listed some of the effects 
that corticosteroids have been found to have on coanective 
tissue. Only a few of the first papers published on each observa- 
tion are mentioned in this table. 

The favorable effect of local treatment with cortisone on 
certain inflammatory conditions of the joints was first observed 
by Thorn (104) and Hollander (44) in 1950 and with hydrocorti- 
sone by Hollander, Brown, Jessar and Brown (45) in 1951. 
A large number of reports on the clinical effects of intra-articular 
hydrocortisone treatment have been published subsequently. 
The abatement of inflammatory symptoms from the joint and 
decrease in the joint effusion have been general perceptions. 
Observations made concerning the effects of corticosteroid 
hormones on the composition and properties of the synovial 
fluid are listed in Table 7. 








TABLE 6 


OBSERVATIONS REPORTED IN THE LITERATURE ON THE EFFECTS OF 
CORTICOSTEROIDS ON CONNECTIVE TISSUE 








Authors Year Observations 
Effects on connective tissue in general 
Ragan, Howes, Plotz, Meyer & | 1949 | Delay in the development of all elements of 
Blunt (78) connective tissue, in division and prolife- 
ration of cells and formation of ground 
substance and fibers 
Seifter, Baeder & Begany (99) | 1949 | Decrease in permeability of connective 
tissue 
Asboe-Hansen (2) 1950 | Decrease in number of mast cells, reduction 
of ground substance 
Castor & Baker (17) 1950 | Diminishing in number and size of fibro- 


Green (37) 

Layton (63) 

Roberts, Karnofsky & Frankel 
(87) 

Lattes, Blunt, Rose, Jessar, 
de Guise Vaillancourt & Ra- 
gan (62) 


Schiller & Dorfman (94) 


Giansiracusa, Ropes, Kulka & 
Bauer (35) 


Hench, Kendall, Slocumb & 
Polley (42) 


Reed, Joseph, Steck & Mont- 
gomery (80) 


Hollander, Brown, Jessar & 


Brown (45) 
Kulonen & Telkka (59) 


Edlund, Juhlin & Palis (25) 








1950 
1951 


1957 


1950 


1950 


1950 


1951 


1954 


1955 





blasts, homogenization of collagen fiber 
structure 


Inhibitory action on mitoses 


Reduction of synthesis of sulphonated 
polysaccharides 


Reduction of formation of collagen 


Decrease in metachromasy of connective 
tissue 


Reduction of synthesis of hyaluronic acid 


Ejfects on synovial tissue 


Reduction of histological signs of in- 
flammation in synovial tissue 


Reduction of histological signs of in- 
flammation in synovial tissue 


Lowering in potential difference between 
synovial membrane and skin 


Decline in intra-articular temperature in 
inflamed joints 


Inhibitory action on synovial cells 


Decrease in permeability of synovial mem- 
brane 

















COSTICOSTEROIDS ON PATHOLOGICAL 


TABLE 7 


OBSERVATIONS REPORTED IN THE LITERATURE ON THE EFFECTS OF 


SYNOVIAL FLUIDS 





Authors 


Year 


Observations 





Duff, Robinson & Smith (24) 
Kulonen (57) 


Ziff, Seull, Ford, McEwen & 
Bunim (109) 


Jessar, Ganzell & Ragan (50) 


Ropes & Bauer (89) 


Ekman, Thune & Truedsson(27) 


Sundblad, Egelius & Jonsson 


(103) 


Kulonen & Makinen (58) 


Robecchi, Daneo & Riccardino 


(86) 


Borrachero (14) 


Yielding, Platt & Holley (111) 


Platt, Holley & Pigman (75) 








1953 


1953 


1953 


1954 


1955 


1955 


1956 


1956 


1957 





Decrease in cell count, increase in degree 
of polymerization of hyaluronic acid 


Rise in relative viscosity 


Fall in cell content and aminotripeptidase 
content, rise in relative viscosity, no de- 
finite effect on total protein and albumin/ 
globulin ratio 


Increase in hyaluronic acid concentration, 
in relative viscosity and in degree of 
polymerization of hyaluronic acid, no de- 
finite effect on total protein 


Decrease in cell count, increase in relative 
viscosity 


Increase in hyaluronidase inhibitor activity 


Increase in hyaluronic acid concentration 
and in degree of polymerization of hyalu- 
ronic acid, no effect on total protein and 
hyaluronidase inhibitor activity 


Decrease in water-binding capacity and 
in reactive amino groups 


Decrease in total protein concentration, 
relative increase in albumin fraction, no 
effect on y-globulin 


Increase in albumin concentration, de- 
crease in f- and y-globulin concentration, 
no effect on a-globulin 


Decline in sodium concentration, increase 
in relative viscosity, no effect on potassium 
and total protein concentrations 


Partial normalization in the _ relative 


electrophoretic mobilities of albumin, a,-, 
a,- and f-globulins, no definite effect on 
y-globulin 








PRESENT INVESTIGATION 


PURPOSE OF INVESTIGATION 


The following problems formed the point of departure for 


the present study: 


1. Do the chemical and physico-chemical properties of 


synovial fluid have any relationship to the clinical features of 


rheumatoid arthritis? 


2. What kind of changes will be induced by intra-articular 
corticosteroid treatment in the chemical and physico-chemical 


properties of the synovial fluid in rheumatoid arthritis? 


3. What conclusions concerning the mechanism of formation 
of joint effusion in rheumatoid arthritis can be drawn from the 


results? 
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MATERIAL AND METHODS 


The chemical and physico-chemical examination of the 
synovial fluid in rheumatoid arthritis was made from samples 
aspirated from the affected knee joint of patients before and 
after an intra-articular injection of hydrocortisone acetate. For 
comparison, thyroxine or insulin was substituted for the hydro- 
cortisone in a few cases. Sodium, potassium, chloride, total 
protein, protein glucosamine and hyaluronic acid concentrations, 
electrophoretic protein patterns, intrinsic viscosity, and colloid 
osmotic pressure were examined from the samples. 

A total of 63 pairs of samples were collected from 63 knee 
joints of 56 patients with rheumatoid arthritis.1 The series 
included only cases in which the diagnosis of rheumatoid arthritis 
was definitely verified with clinical and roentgenological exami- 
nations and which has not been treated with any hormones for 
at least the preceding six wevks before the sampling procedure. 
Complete clinical and roentgenological examinations of the most 
markedly affected joints and the knee joints were made, and 
the stage of progression and grade of clinical activity of the 
disease, the grade of articular changes and degree of effusion 
in the knee joints under examination, and the clinical effect of 
the intra-articular hydrocortisone treatment were recorded. For 
the treatment of the results the series was distributed according 
to the clinical and roentgenological criteria stated below, and 
attempts were made to find out, by means of statistical methods, 
(1) what properties of synovial fluid could be shown to have 
relationship with the clinical characteristics of the disease and 
(2) what changes in the properties of the fluid occur through the 
action of intra-articularly injected hydrocortisone. 


1 The series includes also the cases presented in a paper by Kulonen 
and Makinen in 1955 (58). 
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CLINICAL CRITERIA 


The progress of the disease was defined by the system of 
Steinbrocker, Traeger and Batterman (101). The material was 
divided into two groups by means of the roentgenological findings 
in the most severily affected joint, one group including the cases 
with no joint destruction (stages I and II) and the other group 
the cases in which joint destructions or ankylosis were found 
(stages III and IV). 

The clinical activity of the disease was determined by the 
system of Bayles and Hall (10). The values (0—4) given under 
this system to the joint changes (synovial thickening, joint 
stiffness, osseal deformity, ankylosis) in the most markedly 
affected joint, the inflammatory symptoms (pain, swelling, heat, 
redness) in the most severily inflamed joint, elevation of the 
blood erythrocyte sedimentation rate, decline of the blood hemo- 
globin content, and decrease in the patient’s functional capacity 
were added up. The cases in which the sum was 4—11 were 
collected into one group (»mild or moderate») and those with 
a sum of 12—18 were placed in another group (»severe»). 

The grade of local articular changes was estimated by the 
system of Kellgren and Lawrence (52). In addition to the 
osteoporosis and erosions in the articulating bones, the changes 
involving cartilage were also indicated by values 0—4. The 
distribution of the cases was based on the sum of these three 
values. The joint changes were regarded as »mild or moderate» 
if the sum was 1—5, and »severe» if the values totaled 6—10. 

The degree of joint effusion was estimated from the circum- 
ference of the joint, the volume of fluid obtained by the second 
puncture, and the findings at palpation. The effusion was 
designated as »moderate», »large» or »very large» in degree. No 
direct measurement or indirect determination of the volume of 
effusion fluid before the injection of hydrocortisone was _per- 
formed, in order not to cause synovial irritation or disturb the 
biochemical examinations. Fluid samples obtained from small 
effusions were inadequate for the examinations and were discarded. 

The clinical effect of the intra-articular hydrocortisone treatment 
was estimated using as criteria diminished hydrops, increased 
joint mobility, and abatement of pain. The result of the treat- 
ment was designated as »poor», »moderate» or »good». 





| itn Gok ee 


PO OF eee ee Oi ll COA 


CO eee cree 











FLUID SAMPLES 


The samples of synovial fluid were obtained from the knee 
joint by puncture, using a No. V2A hypodermic needle. After 
10 ml. of fluid had been drawn into the syringe, 25—50 mg. 
of hydrocortisone acetate (Hydrocortone Acetate Suspension, 
Merck) was injected into the joint cavity during the same punc- 
ture. Instead of hydrocortisone, 1 ml. of thyroid extract (Thyra- 
non, Organon) was injected in 4 cases and 20 IU of regular 
insulin (Insulin, Medica) in 4 cases. A second puncture was 
performed 24 hours later and another sample was withdrawn. 
All the remaining fluid was removed at the second puncture 
and the volume was measured. The samples were placed in dry, 
sterilized vials and stored at first in the refrigerator at —7 °C, 
later in the deep-freezer at —15°C. Before examination the 
samples were defrozen and centrifuged clear. Some of the collec- 
tions were scarcely colored by blood. None of the fluid samples 
contained pus. 


CHEMICAL AND PHYSICO-CHEMICAL METHODS 


The sodium and potassium concentrations were determined 
with a flame photometer using an internal lithium standard 
according to Leppanen, Krusius and Miettinen (64). The sodium 
determinations were made from fluid diluted 1: 500 and the 
potassium determinations from a dilution 1:50. The chloride 
content was determined by the mercurimetric method according 
to Schales and Schales (93). The corresponding values for normal 
plasma by these methods are in average 140—145 m-equiv./1. 
of sodium, 4.3 m-equiv./1. of potassium, and 105 m-equiv./1. 
of chlorides. 

Determination of the total protein concentration was carried 
out by the biuret method from 0.16 ml. of synovial fluid treated 
with hyaluronidase to facilitate pipetting. The hyaluronidase 
treatment was performed as follows: A hyaluronidase solution 
was prepared by dissolving 10 mg. (1300 TRU) of testicular 
hyaluronidase (originally prepared by Dr. M. B. Mathews) per 
ml. of 0.5 M acetate buffer, pH 4.5. Then 0.25 ml. of hyaluroni- 
dase solution was added to | ml. of synovial fluid and the mixture 
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was kept for 40 hours at + 37°C., using a few drops of toluene 
as preservative. 

The fractionation of proteins was performed by paper electro- 
phoresis using Whatman No. 1 paper and a voltage gradient 
of about 10 V/cm. Before the electrophoresis the synovial fluid 
was treated with hyaluronidase and buffered with 0.05 M barbi- 
turate buffer to pH 8.6. The strips were stained with Amidoblack 
10 B and washed with methanol according to Grassmann and 
Hannig (36). The fractions were cut, eluted with alkaline 
methanol and the color was measured. 

The glucosamine concentration was determined by the prin- 
ciple of Blix (12). The standard was made from glucosamine 
hydrochloride (B. D. H.). To obtain the hyaluronic acid con- 
centration the difference between the total glucosamine and 
protein glucosamine concentrations was multiplied by the 
factor 2.36. 

The protein glucosamine concentration was determined as 
follows: 1 ml. of synovial fluid was treated with hyaluronidase 
in the manner described above. The protein was precipitated 
from the mixture with 4 ml. of 95 per cent ethanol. The pre- 
cipitate was washed with 10 per cent trichloroacetic acid solution, 
dried and hydrolyzed for the glucosamine determination. 

The intrinsic viscosity was determined with the Ubbelohde 
viscosimeter, using dilutions 1 : 20—1:80. The determinations 
were made from at least three dilutions of each sample. The 
diluent was a 0.9 per cent sodium chloride solution, buffered 
with 1/150 M phosphate buffer to pH 6.8. Two viscosimeters 
were used, each with a bulb capacity of about 2.5 ml. and a capill- 
ary diameter of 0.5 mm. The flow time of the diluent was 100 
seconds in one and 120 seconds in the other case. The tempera- 
ture in the water bath was controlled at + 32° C. with an accu- 
racy of 0.1°C. The intrisic viscosity was calculated according 
to the following formula given by Sundblad (102): 


. . . . . y od zs | 
intrinsic viscosity [7] = a - = = / (1 + 0.18 X 9,,) 
lim. ec > 0 


The colloid osmotic pressure was measured by the method of 
Autio (6). The principle of the method is as follows: A Holm- 
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Jensen osmometer is filled with a reference solution and is placed 
in the vertical position with the membrane upward. The capillary 
tube of the osmometer is connected to a hydrostatic system with 
which a negative pressure can be produced in the osmometer. 
The fluid to be examined is placed on the membrane. The 
negative pressure necessary to prevent all movements of the 
fluid across the membrane was recorded. Saline solution (0.9 %) 
was used for the comparative fluid. The same membrane, pre- 
pared and tested according to the instructions of Holm-Jensen 
(5, 46), was used for all the measurements. 


STATISTICAL METHODS 


Standard methods (28, 30) were used for the statistical 
analyses of the results. The relations of the biochemical observa- 
tions to the clinical activity of the disease, the stage of the 
disease, and the grade of local joint changes were studied by 
calculating the group means and applying the t-test to the 
difference of the means. A comparison with the degree of joint 
effusion was made by studying the significance of the differences 
of the group means by variance analysis. The analyses of the 
effects of the hormone treatments on the properties of the synovial 
fluid were studied by calculating the changes in the individual 
pairs and applying the t-test to the mean changes. The correla- 
tions between the blood erythrocyte sedimentation rate and the 
observed values of biochemical characteristics of the synovial 
fluid, and the mutual correlations of the various biochemical 
observations were studied by means of regression and variance 
analysis on the cases in which a preliminary graphic analysis 
prompted a mathematical treatment. The differences of the 
means and the correlations were regarded as statistically signifi- 
cant when the value of the probability of the chance occurrence 
(P) was not more than 0.05, and as highly significant when the 
value of P was at the most 0.001. In the tables and figures 
P =0.05 is indicated by *, P =0.01 by ** and P = 0.001 
by ***, Hald’s (39) tables were used in the statistical analyses. 








RESULTS 


CLINICAL DATA 




















In Table 8 clinical data are presented on the series of patients 
and on the distribution of the series according to the clinical 
findings. 
TABLE 8 
MATERIAL 
Clinical Argument Number Mean Range 
ETT Teer rer ee ee eT Eee eee Tee ee 56 —- — 
Sch eseeeeeaedeneesenswaes Keen 63 — — 
General features of the disease 
ee — 36 14—58 
Duration of disease, years .............00+: — 7 1/,—26 
on : Lc | ar 35 ~ — 
ae a ee { Mi aed WV os. .c0n.ss.. 21 ie os 
i ) a oe 
Clinical activity of disease mild or moderate soe | 
DOWNES on csosues 28 — — 
Blood erythrocyte sedimentation rate, mm./1 hr. — 51 9—130 : 
1d 2 ia me : 
Local articular changes een or moderate. . . = 
: ee eee 35 — — , 
| a eee eee 24 — — 
Degree Of effusion < Taree .........s.ecccsees 25 = —- 
| WE SED ssccaseccascvs 14 — — 
Intra-articular hydrocortisone treatment ....... 55 a ~- 
Per re ery ere 12 — — 
Clinical effect {| moderate ................. 13 -- — 
| DE nah esnckorbanhdon ones 30 — — 
Intra-articular thyroxine treatment ........... 4 — = 
Intra-articular insulin treatment .............. 1 — — 
CHEMICAL AND PHYSICO-CHEMICAL PROPERTIES OF 
RHEUMATOID SYNOVIAL FLUID 
Table 9 shows the means and ranges of the values obtained 
in the chemical and physico-chemical examinations of the 
synovial fluid. 
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TABLE 9 
BIOCHEMICAL FINDINGS IN RHEUMATOID SYNOVIAL FLUID 


' 
' 





Number 
igati Mes 
Investigation of Fluids fean Range 





Electrolytes, m-equiv./1. 











DN rnb oy ieaeohed Lbheew ss odnanews 63 148.6 120—188 
68 ikEGRA ade Wweedonsawse wan 62 4,29 3.18—6.28 
SN Ath ob as FON Whee Se Keke vue des’ 63 107.4 87—138 
Proteins, g./100 ml. 
TE NE ib 6 SHEN SNe ne eS LES ke eees 57 5.84 4.0 —7.5 
PE PP Ecet oder ac onrvoneeewss 24 11 3.28 1.61—4.65 
ree oh EL eee ee E 6 0.58 0.46—0.67 
AEE er nee ee re ere 11 0.73 0.37—1.29 
y-globulin nO STE ee OT ARO ee 11 1.58 1.03—2.32 
Protein glucosamine, mg./100 ml. ......... 58 58.9 22—91 
Hyaluronic acid, g./100 ml................ 58 0.233 0.13—0.44 
re 58 14.0 6.5—22.4 
Colloid osmotic pressure, cm. H,O ........ 32 42.4 34—51 


CLINICAL CORRELATIONS OF DIFFERENT PROPERTIES 
OF SYNOVIAL FLUID 


Electrolytes. — The sodium, potassium and chloride con- 
centrations of the synovial fluid had no relationship with the 
stage of the disease, the grade of local joint changes, or the 
degree of effusion. The sodium and chloride concentrations 
showed no relation even to the clinical activity of the disease. 
The potassium concentration of the fluid was higher in the group 
of clinically very active cases (P == 0.01), and a positive correla- 


TABLE 10 


POTASSIUM CONCENTRATION OF SYNOVIAL FLUID, BY CLINICAL ACTIVITY 
OF THE DISEASE 





Activity of the Disease 

















Characteristic | Mild or 
: Severe 
Moderate 
dS PUCE, O76) a0) Ga 11 71 |S Rene ea 33 29 
Potassium, m-equiv./1. 
Sa 2111), Mee ee RPE RE TE oe a 4,02 4.59** 
ee Te Tat TET eee ee eee eee eee eee ee ee 3.18—5.82 3.50—6.28 
<= PSUAMUAEO COVANUION! cisidicerco cpsiccieis sic eaeee assis 0.68 0.73 
— ‘Standard Gfror Ol MCAN®.....<<.... 666.6. 650% 00% 0.118 0.136 
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Fig. 1. — Diagram showing the correlation between the potassium 


concentration of synovial fluid and the blood erythrocyte sedi- 
mentation rate (r = + 0.41 **) 





tion was observed between the potassium concentration and the 
blood erythrocyte sedimentation rate (P = 0.002). The potas- 
sium concentration of the fluid in groups formed according to 
the clinical activity of the disease is shown in Table 10, and the 
correlation between the potassium concentration of the fluid 
and the blood erythrocyte sedimentation rate in Fig. 1. 

Total Protein. — No relationship was observed between the 
total protein concentration of the synovial fluid and the clinical 
activity of the disease. A suggestive but statistically not signifi- : 
cant difference between the groups representing different stages I 
of the disease was seen in the total protein concentration (stages | 
I and II: 6.01 g./100 ml., stages III and IV: 5.55 g./100 ml.). 
A comparison of the total protein concentration in the different 
effusion groups revealed suggestive but statistically not signifi- 
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TABLE 11 


TOTAL PROTEIN CONCENTRATION OF SYNOVIAL FLUID, BY 
THE JOINT EFFUSION (STAGES I AND II) 


DEGREE OF 





Degree of the Effusion 
Characteristic , 














| Moderate | Large | Very Large 
Number "Gf TNMOS: 5.25.0 650662-d0-00-0 9 16 11 
Total protein, g./100 ml. | 
SR OE recast a ess rato wee eS ne | 5.71 5.77 6.59** 
AC eg HUSA Seinen 6 aka en ae | 53—7.0 5.1—6.7 4,4—7,2 
— standard deviation ............ | 0.61 0.58 0.85 
— standard error of mean ....... | 0.203 0.145 0.256 


cant differences between the groups (moderate: 5.59 g./100 ml., 
large: 5.79 g./100 ml., very large: 6.25 g./100 ml.) in the entire 
series. When the cases in stages I and II only were included 
(Table 11) the differences between the mean concentrations 
were significant (P = 0.01). 

Protein Glucosamine. — No difference between the disease 
stage groups was found in the protein glucosamine concentration. 
The concentration was lower in fluids from joints presenting 
marked changes than in fluids from joints with slight or moderate 
changes (P = 0.001). A higher concentration was observed in 
cases with a high clinical activity than in those with a low or 
moderate activity (P = 0.02). Correspondingly, there was a 
positive correlation between the protein glucosamine concen- 
tration and the blood erythrocyte sedimentation rate (P=0.001). 


TABLE 12 


PROTEIN GLUCOSAMINE CONCENTRATION OF SYNOVIAL FLUID, BY CLINICAL 
FEATURES OF THE DISEASE 
































Activity of Stage of Local Articular 
Disease Disease Changes 
Characteristic th aos oar a a a aaa 
Mild or — | III and| Mild or| . 
Moderate! piiceadll apeanites | \'g Moderate = 
Number of fluids. ..2%.2.0.0%. 29 29 37 rh 32 26 
Protein glucosamine,mg./100 ml 
ease Li ere he Oe 54.0 63.9* | 59.0 58.9 Cocks |'b150*** 
a MEU Psd iorayelaysienensyais tsi vee 3 39—78 | 22—91 | 22—91 | 39—85 | 39—91 | 22—70 
— standard deviation ..... 13.4 16.2 16.8 13.0 15.3 12.2 
— standard error of mean . 2.48 3.00 2.76 2.84 2.70 2.40 


bi 7at7—=58 








ESR, mm./I hr. 
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Fig. 2. -- Diagram showing the correlation between the protein 
glucosamine concentration of synovial fluid and the blood 
erythrocyte sedimentation rate (r = + 0.52 ***) 


Table 12 shows the relationship of the protein glucosamine con- 
centration of the fluid with the clinical findings, and Fig. 2 the 
correlation between this concentration and the blood erythrocyte 
sedimentation rate. The protein glucosamine concentration was 
not found to be related to the degree of effusion. 

Hyaluronic Acid. — The hyaluronic acid concentration of the 
synovial fluid was not found to have any relationship with the 
clinical activity or stage of the disease, the grade of local joint 
changes, or the degree of the effusion. 

Intrinsic Viscosity. —In the group of cases in stages I and 
II the intrisic viscosity was lower than in the group of cases 
in stages IIT and IV (P = 0.02). The mean value was lower also 





ESR, mm./! hr. 








ESR, mm./!t hr. 


35 





130 





120 





110 





100 
| 





90 +-@—® 








680 ae 


30 





e 
60 : w e, . 
ee 




















30 |}- 




















20 25 


Intrinsic viscosity of synovial fluid 


0\ 


Fig. 3. — Diagram showing the correlation between the intrinsic 
viscosity of synovial fluid and the blood erythrocyte sedimen- 
tation rate (r = — 6.47 ***) 


in the group with slight or moderate local joint changes than 
in the group of cases with marked local changes, but this differ- 
ence of the means was statistically not significant. A comparison 
with the activity of the disease revealed that the intrinsic vis- 
cosity was lower in cases with a high clinical activity than in 
cases with a low or moderate activity (P = 0.001). The intrinsic 
viscosity also showed a negative correlation to the blood erythro- 
cyte sedimentation rate (P = 0.001). No relationship was 
observed between the intrinsic viscosity and the degree of the 
effusion. Table 13 shows the relations of the intrinsic viscosity 
to the clinical findings and Fig. 3 the correlation to the blood 
erythrocyte sedimentation rate. 
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TABLE 13 
INTRINSIC VISCOSITY OF SYNOVIAL FLUID, BY CLINICAL FEATURES OF 
THE DISEASE 























Activity of | Stage of Local Articular 
Disease Disease Changes 
Characteristic a an | ~ j a Saree aaa 
Mild or | ; ese | III and SOMOOE |) es 
Moderate | ne seataaill IV Moderate | ee 
| 
Number of fluids ...... 29 29 37, | 32 26 
Intrinsic viscosity 
== MPA cc s0-anarte 15.7 123°" 13.1 1a:0" 13.3 14.8 
——WANEC bcs nesses 9.3—22.4/6.5—18.4'6.5—22.4/9.3—20.4/6.5—20.4!7.1— 22.4 
—— standard deviation] 3.53 3.42 3.82 | 342 | 4.0 3.6 
- standard error of | | | 
MCA tec cane hess 065 |; 0638 | 063 | O75 | O41 | 0.71 
Colloid Osmotic Pressure. — Table 14 gives a comparison of 


the colloid osmotic pressure of the synovial fluid with the clinica! 
activity and stage of the disease and the local joint changes. 
The colloid osmotic pressure was higher in cases in stages I and 
II than in those of stages III and IV (P = 0.01). The differences 
between the means of the groups formed according to the activity 
of the disease and according to the local joint changes were 
statistically not significant. A positive correlation (P = 0.001) 
was observed between the colloid osmotic pressure of the fluid 
and the blood erythrocyte sedimentation rate (Fig. 4). The 
colloid osmotic pressure was highest in the group of cases with 
a very large effusion, and lowest in the group with a moderate 


TABLE 14 


COLLOID OSMOTIC PRESSURE OF SYNOVIAL FLUID, BY CLINICAL FEATURES 
OF THE DISEASE 
































Activity of | Stage of Local Articular 
Disease Disease Changes 
Characteristic | 
Mild or | | III and| Mildor| . 
Moderate] Severe | I and II | IV Mitanétn Severe 
Number of fluids ............ 14 18 21 11 17. | 15 
Colloid osmotic pressure, 
cm. H,O 
Se 2) eee 41.1 43.4 a SO." | “aaa 41.5 
AE cin bene ec nxe-ie 6:06 34—48 | 35—51 | 38—51 | 34—43 | 35—50 | 34—51 
— standard deviation ..... 4.1 4.1 af 3.0 4.0 4.4 
— standard error of mean..| 1.09 0.97 0.81 ; 0.90 0.97 1.14 
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Fig. 4. — Diagram showing the correlation between the colloid 


osmotic pressure of synovial fluid and the blood erythrocyte sedi- 
mentation rate (r = + 0.70 ***) 


effusion. The difference of the means was statistically significant 
(P = 0.05) when the cases in stages I and II only were included 
(Table 15) but not significant in the entire series (moderate: 
40.9 cm. H,O, large: 42.7 cm. H,O, very large: 44.0 cm. H,O). 


COLLOID OSMOTIC 


TABLE 15 


PRESSURE OF SYNOVIAL 


FLUID, 


THE JOINT EFFUSION (STAGES I AND II) 


BY DEGREE OF 





Characteristic 


| 


Degree of Effusion 














Moderate | Large | Very Large 
NUMpEr OF THAS’..4 605.0 5.o ices | 7 8 6 
Colloid osmotic pressure, cm. H,O | 
SSP esieck & soos Siate Cle asses ee 41.8 44.3 46.3* 
ca ne eer 38—46 40—50 42—51 
— standard deviation ............ | 3.3 3.6 oO 
— standard error of mean ....... | 1.25 1.27 1.43 
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INFLUENCE OF INTRA-ARTICULARLY APPLIED HYDRO- 
CORTISONE ON SYNOVIAL FLUID 


Electrolytes. —'The influence of the various hormone treat- 
ments on the sodium, potassium and chloride concentrations 
of synovial fluid will be seen from Tables 16—18. The changes 
in the sodium and chloride concentrations were statistically not 


TABLE 16 
INFLUENCE OF INTRA-ARTICULAR HYDROCORTISONE TREATMENT ON 
SODIUM CONCENTRATION OF SYNOVIAL FLUID 





| ‘ : 
Sodium, m-equiv./1. 





ee Number of 
Group and Characteristic 








| Sample Pairs Before | After 
| | Treatment Treatment 
Hydrocortisone treatment | 
poor clinical response ......... 11 | 
SRO eS css wie cos wae | 149.3 151.0 
A Scinstexne kee sides | 142—164 138—172 
— standard deviation ...... ae 132 
— standard error of mean . | 2.08 3.68 
moderate clinical response ..... 13 | 
Saar MTMPE Spon be os iis aw dis So 151.5 150.0 
ER IEE aaieiae Caw ssa 120—183 128—173 
standard deviation ...... 19.8 13:2 
standard error of mean .. 5.49 3.66 
good clinical response ......... 30 
EL ee Ou aw ch homie so 148.0 145.1 
Se NRO er eo os 36 ee io a 9036 123—188 127—165 
— standard deviation ...... 10.5 8.1 
— standard error of mean .. 1.88 1.48 
total hydrocor:isone group .... 54 
= MUDIRSIND NS os ests Seta Gs hails id navn 3: | 149.1 147.5 
PRPS Jaca sue ies wa |}  120—188 127—173 
- standard deviation ...... | 12.6 10.7 
- standard error of mean .. | 1.70 1.46 
Comparative groups 
thyroxine treatment .......... 4 
rere RDN eh a BS 2 Sudha’ @ tbe 145.0 142.7 
SEIS 81 sic wes tap lw sine’ a 141—148 142—144 
— standard deviation ...... 3h) 0.9 
— standard error of mean .. 1.75 0.45 
insulin treatment ............. 4 
1) a ee 145.5 135.7 
ee ee ee ee 143—149 108—148 
— standard deviation ...... 2.9 17.6 
- standard error of mean .. 1.45 8.80 























significant either in the hydrocortisone group or in the compara- 
tive groups. The decrease in the potassium concentration was 





significant in the group in which a good clinical response was 


obtained to the hydrocortisone treatment (P = 0.01) and in the 


hydrocortisone group as a whole (P = 0.01). The decline in the 
potassium level in the thyroxine-group was not significant. 


TABLE 


INFLUENCE OF INTRA-ARTICULAR HYDROCORTISONE TREATMENT ON 


POTASSIUM CONCENTRATION OF 


SYNOVIAL FLUID 





Group and Characteristic 


Number of 


Potassium, m-equiv./1. 








; Sample Pairs | Before After 
| Treatment Treatment 
Hydrocortisone treatment 
poor clinical response ........ 12 
I ON Rect iia aieids Sais sean 4.24 4.09 
ee ee ee eee 3.42—5.50 3.05—6.05 
— standard deviation ..... 0.71 0.90 
— standard error of mean .. 0.20 0.26 
moderate clinical response .... 13 
SAP ATNE oes iay erailens areca esr 4.02 3.75 
SS PAO esos serrate ieisis,4!5,0.5% 3.50—4.65 3.02—4.77 
— standard deviation ..... 0.38 0.58 
— standard error of mean . 0.11 0.16 
good clinical response ........ 29 
=— (ROON inaknesesiawes ass 4.31 BC fa 
i. Te eee ere 3.18—6.28 2.70—6.03 
— standard deviation ..... 0.81 0.69 
— standard error of mean .. 0.15 0.13 
total hydrocortisone group .... 54 
ST NOUNUCS Gy ciidnS aie tom eso 4,23 3.85** 
i EE cise ie nae ae a 3.18—6.28 2.70—6.05 
— standard deviation ..... 0.69 0.71 
— standard error of mean .. 0.09 0.09 
Comparative groups 
thyroxine treatment ......... 4 
<a EMORY Seas sidsirsucl aitv die aisioeve 4.75 4.21 
eT Bey aiNa ne 4s 5 H65s 3.95—5.73 3.43—5.05 
— standard deviation ..... 0.84 0.83 
— standard error of mean .. 0.42 0.42 
insulin treatment ............ 4 
SNOB echo hs seis wea 4.62 4.60 
eee. RTC CCRT Le 4.00—5.08 3.92—5.75 
— standard deviation ..... 0.55 0.81 
— standard error of mean .. 0.28 0.41 
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TABLE 18 
INFLUENCE OF INTRA-ARTICULAR HYDROCORTISONE TREATMENT ON 
CHLORIDE CONCENTRATION OF SYNOVIAL FLUID 





Chlorides, m-equiv./1. 





| Number of 

















Group and Characteristic Sample Pairs Before | After 
| Treatment | Treatment 
Hydrocortisone treatment | 
poor clinical response ......... 12 
MMOD cused Beigis dares o's 108.2 109.5 
a eT ee eer 103—115 99—119 
— standard deviation ...... 3.6 5.8 
— standard error of mean .. 1.04 1.67 
moderate clinical response ..... 13 
RON e's Ss aso 107.3 108.0 
POE etna ke erG Reeve xs 87—138 100—112 
— standard deviation ...... 11.4 4.1 
— standard error of mean .. 3.16 1.18 
good clinical response ......... 30 
—— ORNS Sates bon sics sins 216.0% 106.5 106.7 
a. ET Oe EET 91—122 | 93—116 
— standard deviation ...... 7.1 6.5 
— standard error of mean .. 1.30 | 1.19 
| 
total hydrocortisone group .... 55 | 
SAND iyi Seon ius ierslwis sls wis e's 107.1 107.6 
ED: e0 eek a 5 Es 9s vic 87—138 93—119 
- standard deviation ...... 8.0 5.4 
— standard error of mean .. 1.08 0.77 
Comparative groups 
thyroxine treatment .......... 4 
2 ee mere 110.7 | 107.0 
AEE nth cknebnerne se we 107—114 105—109 
-— standard deviation ...... 2.9 1.9 
— standard error of mean .. 1.45 0.95 
mnsulin 4reatment ............. 4 
||. ae 109.2 104.5 
a... MEET OEE Tee 107—112 90—114 
— standard deviation ...... 1.8 10.1 
— standard error of mean .. 0.90 | 5.05 
Proteins. — The mean concentrations of total protein before 
and after treatment are shown in Table 19. The decrease in 
protein after hydrocortisone treatment was statistically signifi- 
cant in the group with a good clinical response (P = 0.01) and 
in all the cases treated with hydrocortisone (P = 0.02). The 
decrease in the groups with a poor or moderate clinical response 

















TABLE 19 





INFLUENCE OF INTRA-ARTICULAR HYDROCORTISONE TREATMENT ON 
TOTAL PROTEIN CONCENTRATION OF SYNOVIAL FLUID 





| 
Group and Characteristic | 


Number of 


| 


Total Protein, g./100 ml. 

















Sample Pairs Before | After 
Treatment | Treatment 
Hydrocortisone treatment 
poor clinical response ......... 11 
a AEN ioe ose onto tersve wee? aie 5.72 5.49 
ate ee eee 4.2—7.5 3.2—7.5 
— standard deviation....... 113 1:22 
— standard error of mean .. 0.34 0.37 
moderate clinical response ..... 13 
a) V2 eee Ree aoe 5.65 5.42 
ne TE Ne hottie ik ees sas 4.0—7.2 3.4—7.7 
— standard deviation ...... 0.80 1.16 
— standard error of mean . 0.22 0.32 
good clinical response ......... 25 
eR. age ene eee Oe er 6.11 5.59** 
ae... eee ee OTT 4.5—7.2 3.0—7.6 
— standard deviation ...... 0.80 ot 
— standard error of mean . 0.16 0.24 
total hydrocortisone group .... 49 
SIRI i Fe errans consis eva ws ar bavedo 5.88 boa" 
| ae ee ee ee 4.0—7.5 3.0—7.7 
— standard deviation ...... 0.89 1.10 
— standard error of mean .. Ons 0.17 
Comparative groups 
thyroxine treatment .......... 4 
Sa MANGAS Bvcraxarere Sate sie 'e sine | 5.40 5.55 
eet ee ee | 4.5—6.3 4.5—6.7 
— standard deviation ...... 0.89 1.00 
— standard error of mean .. 0.44 0.50 
msulin’ treatment: .........0.66056:6 | 4 | 
Se MA AEs Poco ceo 500 018 aioe 5.82 6.20 
CM eee Lee whe wea 5.7—6.0 6.0—6.3 
— standard deviation ...... 0.13 0.14 
— standard error of mean .. 0.07 0.07 


and the increase in the comparative groups were statistically 


not significant. 


In Table 20 are presented the absolute albumin and globulin 
concentrations before and after the intra-articular application 
of hydrocortisone. In this series of samples the decrease in the 
total protein was statistically not significant. The level declined 


6 





TABLE 20 


INFLUENCE OF INTRA-ARTICULAR HYDROCORTISONE TREATMENT ON 
ELECTROFORETIC PROTEIN PATTERNS OF SYNOVIAL FLUID 











Clinical 


Total protein, 


g./100 ml. 


Albumin, 
g./100 ml. 








Globulins, g./100 ml. 


a 





B 


——_ See : 
After Before | After | Before] Afier 


Y 








Response | Before | After | Before | After | Before | 

Treat- | Treat- | Treat- | Treat-| Treat- | Treat- | Treat-| Treat- | Treat-| Treat- 

ment | ment | ment | ment | ment | ment | ment | ment | ment | ment 

j | | 

Peer .s0.) Ol 4.1 1.61 | 1.42 | 0.46 | 0.46 | 0.54 | 0.44 | 1.49 | 1.78 
Poor ....| 4.2 3.2 2.24 1.54} 0.51 | 0.41 | 0.87 | 0.34 | 1.08 | 0.91 
Poor ....| 72 | 58 4.12 3.09 | | 0.76 | 0.54 | 2.32 | 1.87 
Pee 5s.) Te 6.2 4.60 | 3.83 | 1.03 0.64 | 1.87 | 1.73 
Moderate | 5.5 | 6.7 2.97 | 3.74 .. | .. | 0.62 | 0.84 | 1.91 | 2.12 
Moderate | 6.3 | 4.3 3.12 | 1.85 | 0.66 | 0.49 | 1.29 | 0.76 | 1.22 | 1.20 
Good ....| 4.6 5.1 2.36 | 2.59 | 0.52 | 0.63 | 0.69 | 0.49 | 1.03 | 1.39 
Good ....| 5.3 4.9 2.78 | 2.27 | 0.67 0.71 | 0.50 | 0.48 | 1.35 | 1.44 
Good ....| 6.0 6.2 3.02 | 3.21 | 0.65 | 0.67 | 0.73 | 0.60 | 1.60 | 1.72 
Good ...., 7.1 7.4 4.59 4.71 .. | 0.72 | 0.70 | 1.79 | 1.99 
Good ....| 7.2 | 7.2 | 4.65 | 4.72 i . | 0.80 | 0.71 | 1.75 | 1.77 
Mean ....| 5.91 | 5.53 3.28 | 2.99 | (0.58)| (0.56)! 0.73 | 0.59*| 1.58 | 1.63 
in 5 cases, increased in 4 cases and was unchanged in 2 cases. 


In the cases in which the total protein level was decreased or 
increased, a change in the same direction occurred in the albumin 
concentration and with one exception in the a-globulin concen- 
tration. The change in mean values was statistically not signifi- 
cant even in these respects. The /-globulin concentration was 
decreased in all cases out one. The change in the mean value 
was statistically significant (P = 0.05). The increase in the 
y-globulin concentration was statistically not significant when 
all the cases were included, but it was significant (P = 0.05) in 
the group of those cases in which the clinical response was good. 
The mean y-globulin concentration in these 5 cases was 1.50 
g./100 ml. before the hydrocortisone treatment and 1.66 g./100 
ml. after the treatment. 

Protein Glucosamine. — Table 21 shows the protein glucos- 
amine concentrations before and after hormone treatments. 
The decrease was statistically significant in the group in which 
a good clinical response to hydrocortisone was obtained (P = 
0.01) and in the hydrocortisone group as a whole (P = 0.01) 
but not significant in the other groups. 
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TABLE 21 
INFLUENCE OF INTRA-ARTICULAR HYDROCORTISONE TREATMENT ON 
PROTEIN GLUCOSAMINE CONCENTRATION OF SYNOVIAL FLUID 





| Protein Glucosamine, mg./100 ml. 
Number of | : ars 





Group and Characteristic 

















Sample Pairs | Before After 
| Treatment | Treatment 
Ilydrocortisone treatment | 
poor clinical response ......... 11 | 
So MIPOUI G55 lasre sacs caves bisa eee 57.5 50.4 
see 11) AST Ce TORR aOReRe 22—91 29—70 
— standard deviation ....... 19.1 13:3 
— standard error of mean .. | 5.75 | 3.98 
moderate clinical response ..... 13 | 
a ERED Za SeP NGS otis ata ex hee Yo 58.0 | 56.5 
pe MMO ois ara ieeb totes yw'a)'s aa 4482 | 39—89 
— standard deviation ...... 130 | 14.2 
— standard error of mean .. 3.80 | 3.94 
good clinical response ......... 26 | | 
eis pe oe ee | | 58.0 49.4** 
| er ee | 27—87 23—84 
— standard deviation ...... 15.0 13.6 
— standard error of mean .. 2.94 2.67 
total hydrocortisone group .... | 50 | 
emt EAN ay Uc ever seve Yeast re she 57.9 plea** 
SM esa ncedseiserses. issn. 22-91 | 23-89 
— standard deviation ...... 15.4 | 13.8 
— standard error of mean .. | 2.18 | 1.95 
Comparative groups | 
thyroxine treatment .......... 1 | | 
Ss ODN ra rare afer erererere rw ike NiGis | 66.0 66.7 
POON tases iclayalsia\o’s <i e0die' ai 43—91 47—91 
— standard deviation ...... | 15.9 | 18.0 
— standard error of mean .. 7.95 | 9.00 
insulin treatment ............. 4 | | 
ee ENS Pe WeReckas sand awne | 66.0 | 68.7 
Se ere Per rren | | 49—80 51—80 
— standard deviation ...... | | 13.3 | 12.9 
— standard error of mean .. | | 6.65 | 6.45 


Hyaluronic Acid. — The hyaluronic acid concentrations are 
presented in Table 22. In the hydrocortisone group a slight 
increase was seen in the means and a decrease in the comparative 
groups but the changes were statistically not significant. 

Intrinsic Viscosity. —In Table 23 are presented the mean 
values for intrinsic viscosity in the different groups before and 
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TABLE 22 


INFLUENCE OF INTRA-ARTICULAR HYDROCORTISONE TREATMENT OW 
HYALURONIC ACID CONCENTRATION OF SYNOVIAL FLUID 





| 


Number of 


Hyaluronic Acid, g./100 ml. 

















— 





Group and Characteristic Semple Pairs ‘eatoes After 
Treatment Treatment 
Hydrocortisone treatment 
poor clinical response ......... 11 
Ea MTOEMEND No acts Pisce a lis a5 0.230 0.242 
NE Ast enwkawkes 64000 0.15—0.41 0.16—0.37 
— standard deviation....... 0.093 0.078 
— standard error of mean .. 0.0280 0.0235 
moderate clinical response ..... 13 
Se ee eee 0.222 0.248 
MED: Gsbkecndreessscoes 0.13—0.42 0.13—0.51 
— standard deviation ...... 0.086 0.114 
— standard error of mean .. 0.0248 0.0316 
good clinical response ......... 26 
RRS cls A Gicctes i nib Solos tude oie 0.254 0.270 
I: Ki cknwhesensesee'ns 0.13—0.44 0.14—-0.48 
— standard deviation ...... 0.092 0.097 
— standard error of mean .. 0.0180 0.0190 
total hydrocortisone group ... 50 
SS SOR ee ae ee 0.240 0.258 
CPE Kae Rkehes ne sees o0 0.13—0.44 0.13—0.51 
— standard deviation ...... 0.090 0.097 
— standard error of mean .. 0.0127 0.0137 
Comparative groups ( 
thyroxine treatment .......... 4 
pee MANS nba ys fs io Sb id to a 16 ers a'9 0.187 0.157 
A <ccbeh dived sees va 0.15—0.24 0.183—0.17 
— standard deviation ...... 0.038 0.019 
— standard error of mean .. 0.0190 0.0095 
insulin treatment ............. 4 
NEN re eS os adie kos di 0.190 0.167 
ME tee eka edd e wean 0.17—0.20 0.14—0.20 
— standard deviation ...... 0.014 0.025 
— standard error of mean .. 0.0070 0.0125 


after the hormone treatment. The rise in the viscosity was 
statistically significant in the groups in which the clinical response 
to hydrocortisone was clinically poor (P = 0.05) or moderate 
(P = 0.02). It was highly significant in the group with a good 
response (P = 0.001) and in the hydrocortisone group as a 
whole (P = 0.001). The changes in the comparative groups were 


3 


~~ rH A -™ TP 


statistically not significant. 
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TABLE 23 
INFLUENCE OF INTRA-ARTICULAR HYDROCORTISONE TREATMENT ON 
INTRINSIC VISCOSITY OF SYNOVIAL FLUID 





| — EF ’ 
Intrinsic Viscosity 





= sesh Number of | 
Group and Characteristic , 














| Sample Pairs | Before After 
Treatment Treatment 
Ilydrocortisone treatment | | 
poor clinical response ......... 11 
ATO Of cre hi Ghovareys si shore 13.5 15.5* 
SPAN Be Cher tereeaissaisiclasie cc 7.1—19.6 9.8—23.2 
— standard deviation ...... 3.78 4,89 
— standard error of mean .. 1.14 1:47 
moderate clinical response ..... 13 
SOR aceVaiaes years a saie Seles 14.5 17.9* 
—STAMEO wesisieiseiselssieaes 36 7.3—20.4 10.7—26.6 
— standard deviation ...... 4,29 5.17 
— standard error of mean .. 1.19 1.43 
good clinical response ......... 26 
Se UUMEF AMR ON Se aterig: Sai oa ns fo85) 8S 13.9 2057 
SS MANS Bee ve% foreeususre @ 6.514. 6.5—22.4 10.6—30.2 
~ standard deviation ...... | 4.14 4.45 
— standard error of mean .. 0.81 0.87 
total hydrocortisone group .... 50 
INCH ic cheonrseaa 4 Osea 13.9 19.0*** 
PEE SPONGE RGR RRR Soo 6.5—22.4 9.8—30.2 
— standard deviation ...... | 4.04 5.65 
— standard error of mean .. | 0.57 0.80 
| 
Comparative groups | 
thyroxine treatment .......... 4 | 
ee ere 15.2 14.6 
SS TAME Oy Savivessisceisievews sie Oi 11.3—18.0 12.5—20.8 
— standard deviation ...... | 2.20 4.37 
— standard error of mean .. | 1.10 2.18 
mstulin: TreatMeNnt <6. 662 esac 4 | 
ORME eevee AUS Cie )s wie sis 14.5 
cae, ee | 9.0—15.8 7.8—19.4 
— standard deviation ...... 3.01 5.00 
— standard error of mean .. | 1.50 2.50 


Colloid Osmotic Pressure. — The changes in the colloid osmotic 


S pressure after different hormone treatments will be seen in 
p Table 24. The decrease in the colloid osmotic pressure was 
> significant in the groups with poor (P = 0.05) and moderate 
l (P = 0.05) clinical response, and highly significant in the group 
\ with good response (P = 0.001) and in the entire hydrocortisone 


Av 


group (P = 0.001). There was no significant change in the 
comparative groups. 
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TABLE 24 = 
~ 
INFLUENCE OF INTRA-ARTICULAR HYDROCORTISONE TREATMENT ON 3 
COLLOID OSMOTIC PRESSURE OF SYNOVIAL FLUID : 
| Colloid Osmotic Pressure, cm. H,O E 
G and Characteristic | ninrareqeclined a 3 
alice ; a | Sample Pairs Before | After 8 
| Treatment | Treatment % 
Hydrocortisone treatment 
poor clinical response ......... 6 
EAM 5.55 Sion Siaiss wes nd 5 42.3 38.2* 
OD: esas G ams wars e eis ai 37—49 27—44 
— standard deviation....... 4.7 6.2 
— standard error of mean .. 1.92 253 
moderate clinical response ..... 7 
MOAN 5556 sbi ase sso o4:0 ws 66 42.3 38.0* 
MIND» iaiis ois Se oes 4-0is oa ws 35—48 33—44 
— standard deviation ...... 4.2 4.3 
— standard error of mean .. 1.59 1.62 
good clinical response ......... | 11 
EAM caw slate Suwa G aise v0 | 42.4 33.0*** 
AE Kies e's | 34—51 25—44 
— standard deviation ...... 5.2 5.6 
— standard error of mean .. 157 | 1.69 
: 
total hydrocortisone group .... 24 | 
FR APMEANL ois ins we sois)siw'wiate e's’ 42.4 36.7°** 
| ee re | 34—51 | 38—49 
— standard deviation ...... 4.6 5.6 
— standard error of mean .. 0.94 1.14 
Comparative groups 
thyroxine treatment .......... 1 
PON ee Sos nes So oles 41.7 42.5 
MIMI osc aise bie wins aos wale 39—47 38—49 
— standard deviation ...... 5.4 2.2 
— standard error of mean .. 2.70 1.10 
insulin treatment ............. 4 
Pte se sniadea <eaeans 43.0 44.5 
AMP: nc cmcusewss anes oe 41—46 41—48 
- standard deviation ...... 2.2 2.9 
- standard error of mean .. | 1.10 1.45 ] 
1 
MUTUAL CORRELATIONS OF DIFFERENT PROPERTIES | 
OF SYNOVIAL FLUID . 
Each of the 28 possibilities of correlation between the sodium, ‘ 
potassium, chloride, protein, protein glucosamine and hyaluronic A 
acid concentrations, intrinsic viscosity, and colloid osmotic ( 
pressure of the synovial fluid were studied. The analyses were t 
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Intrinsic viscosity 


Fig. 5. — Diagram showing the correlation between the potassium 
concentration and the intrinsic viscosity of synovial fluid 


e@ Before intra-articular hormone treatment (r = — 0.58 ***) 
o After intra-articular hydrocortisone treatment (r = — 0.26) 


performed separately from the results obtained before hormone 
treatment and after hydrocortisone treatment. 

Electrolytes. — The sodium and chloride concentrations were 
found to have no relationship with any of the studied chemical 
or physico-chemical properties of synovial fluid. The negative 
correlation between the potassiwm concentration and the intrinsic 
C viscosity is shown in Fig. 5 (before hormone treatment: P = 
0.001, after hydrocortisone treatment: P > 0.1). Apart from 
the correlation to the intrinsic viscosity before treatment, the 











Hyaluronic acid, g./100 ml. 
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Total protein, g./100 ml. 


Fig. 6. — Diagram showing the correlation between the total protein 
concentration and the hyaluronic acid concentration of synovial fluid 


o Before intra-articular hormone treatment (r = + 0.35 *) 
e After intra-articular hydrocortisone treatment (r == + 0.57***) 


potassium concentration was not found to be correlated to any 
of the properties studied. 

Total Protein. — No correlation was seen between the total 
protein concentration and the sodium, potassium, chloride or 
protein glucosamine concentrations or the intrinsic viscosity. 
Fig. 6 shows the positive correlation between the total protein 
and the hyaluronic acid concentrations (before hormone treat- 
ment: P = 0.02, after hydrocortisone treatment: P = 0.001) 
and Fig. 7 the positive correlation between the total protein 
concentration and the colloid osmotic pressure (before hormone 
treatment: P=0.001, after hydrocortisone treatment: P=0.001). 
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Fig. 7. — Diagram showing the correlation between the total pro- 


tein concentration and the colloid osmotic pressure of synovial fluid 


e Before intra-articular hormone treatment (r = +- 0.66 ***) 
o After intra-articular hydrocortisone treatment (r == + 0.82 ***) 


Protein Glucosamine. — There was no correlation between the 
protein glucosamine concentration, on the one hand, and the 
sodium, potassium, chloride or total protein concentrations, the 
intrinsic viscosity or the colloid osmotic pressure, on the other 
hand. The negative correlation to the hyaluronic acid concentra- 
tion is seen in Fig. 8 (before hormone treatment: P = 0.001, 
after hydrocortisone treatment: P = 0.05). 

Hyaluronic Acid. — No correlation was found to exist between 
the hyaluronic acid concentration and the sodium, potassium or 
chloride concentrations. Fig. 6 above showed the positive correla- 
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Hyaluronic acid, g./100 ml. 
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Fig. 8. — Diagram showing the correlation between the protein 


glucosamine concentration and the hyaluronic acid concentration 
of synovial fluid 


e Before intra-articular hormone treatment (r = — 0.61 ***) 
o After intra-articular hydrocortisone treatment (r = — 0.35 *) 


tion of the hyaluronic acid concentration to the total protein 
and Fig. 8 the negative correlation to the protein glucosamine 
concentration. Fig. 9 presents the negative correlation to the 
intrinsic viscosity (before hormone treatment: P = 0.001, after 
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Fig. 9. — Diagram showing the correlation between the hyaluronic 
acid concentration and the intrinsic viscosity of synovial fluid 
e Before intra-articular hormone treatment (r = — 0.51 ***) 
o After intra-articular hydrocortisone treatment (r = — 0.25) 


hydrocortisone treatment: P > 0.1). There appeared to be no 
correlation between the hyaluronic acid concentration and the 
colloid osmotic pressure. 

Intrinsic Viscosity. — The negative correlation between the 
intrinsic viscosity and the potasstwm concentration before hor- 
mone treatment was presented in Fig. 5 and the negative correla- 
tion between the intrinsic viscosity and the hyaluronic acid con- 
centration before hormone treatment in Fig. 9. No correlation 
was observed between the intrinsic viscosity and the sodium, 
chloride, total protein or protein glucosamine concentrations. 
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There also was no correlation between the intrinsic viscosity 
and the colloid osmotic pressure of the fluid. 

Colloid Osmotic Pressure. — The colloid osmotic pressure of 
the synovial fluid was not related to the sodium, potassium, 
chloride, protein glucosamine or hyaluronic acid concentrations 
or to the intrinsic viscosity. The positive correlation to the 
total protein concentration was presented in Fig. 7. 
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SUMMARY OF STATISTICALLY SIGNIFICANT 
OBSERVATIONS 


The statistically significant observations made concerning 
the relationship of the chemical and physico-chemical properties 
of rheumatoid synovial fluid with the clinical activity of the 
disease, the stage of the disease and the grade of local joint 


TABLE 25 
STATISTICALLY SIGNIFICANT FINDINGS OF RELATIONS BETWEEN 
PROPERTIES OF SYNOVIAL FLUID AND CLINICAL FEATURES OF 
THE DISEASE 








| Activity of Stage of Local Articular 
Disease Disease Changes 
Property of 
Synovial Fluid Mild or! xo. Iand| Il | Mildor, ge. 
| Mode- vers | FP Il | a | P | Mode-} vere | P 
| rate 





| 

; rate 
| 
| 


m-oguiv./1.......... 4.02) 4.59] 0.01 


| | 
Potassium concentration, | | 
Beste: ; | | 
Protein glucosamine con- | | 

















| 
centration,mg./100 ml. | 54.0 | 63.9 0.02 oo} sed ooh eR BEF) 0. 001 
Intrinsic viscosity ..... 115.7 |12.3 |0.001) 13.1| 15.50.02 | ..) ..| 
Colloid osmotic pressure, | | | 
| errr L. sc] oe) «| 440 | 300 [ 0,002 


TABLE 26 
STATISTICALLY SIGNIFICANT CORRELATIONS BETWEEN PROPERTIES 
OF SYNOVIAL FLUID AND THE BLOOD ERYTHROCYTE SEDI- 
MENTATION RATE 








Property of Synovial Fluid } r P 
| 
Potassium concentration, m-equiv./1. ............ -+ 0.41 0.002 
Protein glucosamine concentration, mg./100 ml. .. | + 0.52 0.001 
SE siren kh easanen eke Kode ka Maeas es | - 0.47 0.001 
Colloid osmotic pressure, cm. H,O .............. | + 0.70 0.001 
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TABLE 27 


STATISTICALLY SIGNIFICANT FINDINGS OF RELATIONS BETWEEN 
PROPERTIES OF SYNOVIAL FLUID AND DEGREE OF JOINT EFFUSION IN 
STAGES I AND II OF THE DISEASE 





! 
Degree of Effusion 





Property of Synovial Fluid | 





|Moderate, Large | Very P 
| | Large 
Total protein concentration, g./100 ml. .... | 5.71 5.77. 6.59 0.01 
| | 
Colloid osmotic pressure, cm. H,O ........ | 41.8 44.3 | 463 | 0.05 


changes are presented in Table 25. The correlations between 
the fluid findings and the blood erythrocyte sedimentation rate 
are shown in Table 26 and the relations of the fluid findings to 
the degree of joint effusion in Table 27. 

The statistically significant changes which occurred in the 
chemical and physico-chemical properties of the synovial fluid 
after the intra-articular application of hydrocortisone are pre- 
sented in Table 28. The changes were more definite in the group 
of cases in which a good clinical response was obtained to intra- 
articular hydrocortisone treatment than in those groups of 
cases in which the response was poor or only moderately good. 
The intra-articular application of thyroxine or insulin was not 
found to induce changes that would have been statistically 
significant. 


TABLE 28 


STATISTICALLY SIGNIFICANT FINDINGS OF INFLUENCE OF INTRA- 
ARTICULAR HYDROCORTISONE TREATMENT ON PROPERTIES OF 
SYNOVIAL FLUID 





Before After 
| Treatment Treatment | 











Property of Synovial Fluid eee r 
Mean Mean | 
Potassium concentration, m-equiv./1. ........ | 4.23 3.85 0.01 
Total protein concentration, g./100 ml. ...... | 5,88 5.52 0.02 
f-globulin concentration, g./100 ml. .......... 0.73 0.59 0.05 
Protein glucosamine concentration, mg./100 ml. | 57.9 51.4 0.01 
EE NS SV bin 060 cuie ke deca ncennade | 13.9 | 19.0 0.001 
Colloid osmotic pressure, cm. H,O ........... | 424 |] 35.7 0.001 
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The statistically significant mutual correlations between the 
various chemical and physico-chemical properties of the rheuma- 














: toid synovial fluid are shown in Table 29. 
‘ TABLE 29 
STATISTICALLY SIGNIFICANT CORRELATIONS BETWEEN DIFFERENT 
“ PROPERTIES OF SYNOVIAL FLUID 
| Before Intra-Articular | After Intra-Articular 
| Hormone Treatment Hydrocortisone 
Correlation Pairs | Treatment 
, ¢ P r | P 
1 Potassium concentration — intrinsic — | 
eo, SN OE ee ee | 0.58 0.001 | —0.26 | > O.1 
C Hyaluronic acid concentration — total | 
0 protein concentration ............ | + 0.35 0.02 -}- 0.57 0.001 
Hyaluronic acid concentration — | 
protein glucosamine concentration. | —~ 0.61 0.001 | —0.35 0.05 
e Hvaluronic acid concentration — | 
intrinsic viscosity ...........6.0- i - 0.51 0.001 | —0.25 ; > 0.1 
i Total protein concentration — colloid | 
See eee | + 0.66 0.001 + 0.82 0.001 




















DISCUSSION 


RELATIONSHIP OF PROPERTIES OF SYNOVIAL FLUID 
WITH CLINICAL FEATURES OF RHEUMATOID 
ARTHRITIS 


Of the properties of the rheumatoid synovial fluid which 
were studied in the present investigation, the intrinsic viscosity 
and the colloid osmotic pressure alone were related to the ad- 
vancement of the disease. The observation that the intrinsic 
viscosity was lower in cases in stages I and II than in cases in 
stages III and IV conforms with the findings reported by Egelius, 
Jonsson and Sundblad (26). They observed that the anomalous 
viscosity was lower in cases with slight destructions in the joint 
than in cases with more marked destructions. The observation 
made in the present investigation may also be considered to 
co-ordinate with the finding of Ragan (77) and Ropes and Bauer 
(89) that the relative viscosity was lower in the early rheumatoid 
arthritis than in advanced cases. 

The differences in means between the groups formed according 
to the clinical activity of the disease and the correlations of the 
fluid findings to the blood erythrocyte sedimentation rate point 
to an increase in the potassium and protein glucosamine con- 
centrations of synovial fluid and to a decrease in the intrinsic 
viscosity and an elevation of the colloid osmotic pressure with 
increasing rheumatoid activity. Ropes and Bauer (89) found 
a higher protein concentration and a lower hyaluronic acid con- 
centration in severe cases as compared with mild cases,. but 
in the present investigation these concentrations were not found 
to be related to the clinical findings indicating the degree of 
activity of the disease. Egelius, Jonsson and Sundblad (26), 
also, were unable to demonstrate any relationship between the 
hyaluronic acid concentration and the activity of the disease. 
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However, Sundblad (102) found a direct correlation between 
the total amount of protein in the fluid and the activity of the 
disease. The observation made in the present investigation of 
a relationship between the intrinsic viscosity of the fluid and 
the clinical activity of the disease is in agreement with the 
reports of Ragan and Meyer (79), Ropes and Bauer (89) and 
Sundblad (102). 

According to the theory that the synovial fluid is liquid 
ground substance of connective tissue it is probable that the 
changes encountered in the synovial fluid, especially in its hya- 
luronic acid, reflect inflammatory changes produced by the disease 
in the synovial tissue and possibly even in the connective tissue 
of the body in general. It has been suggested that changes 
in the structure and total amount of the hyaluronic acid in the 
synovial fluid indicate a systemic change in the hyaluronic 
acid of connective tissue. Egelius, Jonsson and Sundblad (26) 
were, however, unable to demonstrate any change from the 
normal in the degree of polymerization of the hyaluronic acid 
of the synovial fluid aspirated from the unaffected joints of 
patients with rheumatoid arthritis. They concluded that the 
hyaluronic acid changes must be due to a local connective tissue 
disturbance. In the present series a correlation must be regarded 
to have existed, in most cases, between the severity of the in- 
flammation of the joints under examination and the general 
activity of the rheumatoid disease. No conclusions concerning 
the entire connective tissue system can be drawn from the 
observed relations between the properties of synovial fluid and 
the clinical observations indicative of the activity of the dis- 
ease. Basically it may only be a question of a relationship be- 
tween changes in the synovial fluid and the severity of the local 
joint inflammation which may parallel the general activity of 
the disease. 

The difference observed between the groups formed according 
to the grade of the local joint changes with regard to the protein 
glucosamine concentration of the fluid, and the difference be- 
tween the groups showing the stage of the disease with regard 
to the intrinsic viscosity and the colloid osmotic pressure indicate 
a change towards normal in the synovial fluid with the pro- 
gression of rheumatoid changes. This observation may probably 
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be interpreted as a sign of a subsiding trend in the inflammatory 
process and of reparative phenomena occurring in the synovial 
tissues with advance of the disease. 


EFFECT OF INTRA-ARTICULAR HYDROCORTISONE 
TREATMENT ON SYNOVIAL FLUID 


Yielding, Platt and Holley (111) observed that local treat- 
ment with hydrocortisone produced a decrease in the sodium 
concentration of rheumatoid synovial fluid but they found no 
change in the potassium concentration. In the present study 
the findings were in disagreement. The potassium concentration 
declined, whereas no definite change occurred in the sodium 
concentration. 

The observations reported in the literature concerning the 
effect of hydrocortisone treatment on the protein concentrations 
of rheumatoid synovial fluid diverge in many respects. In 
similarity to the results obtained by Robecchi, Daneo and 
Riccardino (86), the total protein decreased also in the present 
study. Other workers (24, 50, 109, 111) have found no change 
in the total protein concentration. In the albumin concentration 
Borrachero (14) observed an absolute increase and Robecchi, 
Daneo and Riccardino (86) a relative increase. In the present 
work the albumin concentration rather tended to decrease 
(Table 20, p. 42), but the change was not statistically significant. 
The observation of a decrease in the f-globulin concentration is 
in agreement with the report of Borrachero (14). He found also 
a declined y-globulin concentration, but in the present study 
and in that of Robecchi, Daneo and Riccardino (86) such a 
decrease was not observed. 

According to Jessar, Ganzell and Ragan (50) and Sundblad, 
Egelius and Jonsson (103) the hyaluronic acid concentration of 
rheumatoid synovial fluid increases after the application of 
hydrocortisone. No definite effect on the hyaluronic acid con- 
centration was seen in the present investigation, even if there 
was a slight tendency upwards (Table 22, p. 44). The observed 
increase in the viscosity in association with hydrocortisone 
application conforms with the results of earlier investigations 
(24, 50, 58, 89, 109, 111). 
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Several of the changes produced by intra-articular application 
of hydrocortisone in the properties of synovial fluid may be ex- 
plained in part as a result of resorption per se. The observation 
by Bauer, Short and Bennett (9) concerning the resorption of 
protein from the joint cavity by way of the lymphatics, and 
corresponding observations reported in the literature concerning 
other large-molecular, substances and particles (8, 34) are evidently 
significant from the point of hydrocortisone-induced resorption 
of a joint effusion. 

It has been suggested that the higher degree of polymeriza- 
tion of the hyaluronic acid in the synovial fluid after local hydro- 
cortisone treatment is a result of the influence of the hormone 
on the synthesis of hyaluronic acid in synovial tissue. However, 
this opinion is not wholly in agreement with the observations 
made concerning the inhibitory action of corticosteroids on the 
hyaluronic acid synthesis (95). The rise in the mean polymeriza- 
tion degree of the hyaluronic acid in the synovial fluid could 
rather be the result of the elimination of low-polymer 
hyaluronic acid. 

Observations made with regard to the effect of the intra- 
articular application of hydrocortisone on the properties of the 
synovial fluid have given evidence of a general normalization 
of the fluid and point to a partial restoration of normal conditions 
in the synovial tissue. Among other effects of corticosteroids 
on the connective tissue are known the inhibitory action on 
cell proliferation (78, and others) and hyaluronic acid synthesis 
(95) and the decreasing effect on ground substance (2, 62, 78, 
and others). It appears probable that actions of this kind con- 
tribute to the changes induced by hydrocortisone in the synovial 
tissue, as a result of which the synovial fluid is partly normalized. 


FORMATION OF JOINT EFFUSION 


The physiological changes in the volume of synovial fluid 
are evidently based in the main on the equilibrium between the 
hydrostatic pressure in the capillaries of the synovial tissue, the 
colloid osmotic pressure of the plasma, and the colloid osmotic 
pressure of the synovial fluid. The formation of a joint effusion 
in pathological conditions probably is — at least for the greater 
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part —- the result of a change in the reciprocal relationship 
between these three factors. 

Theoretically it is possible that the increased colloid osmotic 
pressure of the synovial fluid may be due to higher protein or 
hyaluronic acid concentrations or to changes in the physico- 
chemical properties of the hyaluronic acid. In the present study 
a correlation was seen between the protein concentration and the 
colloid osmotic pressure of the synovial fluid, but not between 
the hyaluronic acid concentration and the colloid osmotic pressure 
or between the intrinsic viscosity and the colloid osmotic pressure. 
These observations are evidence pointing to the probability that 
the increased protein concentration of the synovial fluid is the 
principal reason for the increase in the colloid osmotic pressure. 
They do not, however, refute a possibility that also the increased 
amount of hyaluronic acid and the decreased degree of poly- 
merization of the hyaluronic acid may play some role in the 
elevation of the colloid osmotic pressure of the fluid. 

Inhibition of the resorption of proteins and hyaluronic acid 
from the joint cavity is probably one of the reasons for accu- 
mulation of these substances in the synovial fluid. Inhibition 
of the resorption, however, cannot be the explanation for their 
rapid accumulation in the joint cavity in cases of acute effusion. 
Probably a more important reason than inhibited resorption for 
the increase in the total amount of proteins and hyaluronic acid 
in the synovial fluid is an increased passage of these substances 
from the synovial tissue into the synovial fluid. 

It has been demonstrated that the proteins in the synovial 
fluid originate, almost if not quite entirely, in the plasma (20, 
76, 96). Increased permeability of the capillary walls is a con- 
dition for the passage of large-molecular proteins into the synovial 
tissue. The fact that edema may be present in the joint capsule 
without a simultaneous formation of effusion in the joint cavity 
seems to indicate that a readier entrance of proteins into the 
joint cavity requires not only changes in the capillaries but. also 
a certain degree of change in the ground substance of synovial 
tissue. 

The low concentration of hyaluronic acid in edematous 
synovial fluid (Table 4, p. 16) indicates that the increased flow 
of fluid through the synovial tissue does not, without the pre- 
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sence of pathological changes in this tissue, produce an increase 
in the total amount of hyaluronic acid in the synovial fluid to 
the extent that is seen in joint effusions of inflammatory origin. 
The washing into the joint cavity with plasma of ground sub- 
stance of pathologically changed connective tissue is not alone 
a satisfactory explanation for the increased amount of hyaluronic 
acid in the synovial fluid. One of the reasons, and possibly 
the primary reason, for this event is most probably an increased 
production of hyaluronic acid in the synovial tissue. 

Although the ground substance of synovial tissue and the 
synovial fluid are anatomically in direct contact (49, and others), 
there evidently is a physico-chemical »boundary surface» between 
them which prevents the passage of colloids from the synovial 
tissue to the synovial fluid. It is probable that the presence 
of the »boundary surface» is based on the macromolecular pro- 
perties of the hyaluronic acid of synovial tissue. The alteration 
in the permeability of the synovial membrane may be a result 
of the disturbed synthesis of hyaluronic acid, which disturbance 
has been suggested as the primary fault in the connective tissue 
diseases (57, 79). 

The formation of an inflammatory joint effusion is a complex 
event, the details of which are not known. Investigations made 
so far point to the probability that changes in the capillaries of 
the synovial tissue and disturbances in the synthesis of hyaluronic 
acid are basic factors in the mechanism of formation of a rheuma- 
toid joint effusion. These changes in the synovial tissue may 
lead to an increase of the colloid osmotic pressure of the synovial 
fluid, which event is probably the principal direct causative 
agent in the formation of the joint effusion. 














SUMMARY 


1. In the review of the literature a survey is given of the 
various theories concerning the origin of synovial fluid, of pre- 
vious investigations on the biochemical characteristics of normal 
and certain pathological synovial fluids, and of studies on the 
effect of corticosteroid hormones on connective tissue and the 
synovial fluid. 

2. In the series of 53 patients with rheumatoid arthritis, 
chemical and physico-chemical examinations were made of the 
knee joint effusion fluid drawn immediately before and 24 hours 
after the intra-articular application of hydrocortisone acetate 
(55 pairs of samples). For the purpose of comparison, thyroxine 
was substituted for hydrocortisone in 4 cases and insulin likewise 
in 4 cases. The sodium, potassium, chloride, total protein, 
protein glucosamine and hyaluronic acid concentrations, protein 
fractions, intrinsic viscosity and colloid osmotic pressure of the 
fluid were determined. 

Using statistical methods, an analysis was made of the 
relationship between the studied characteristics of synovial fluid 
and the clinical activity of the rheumatoid arthritis (system of 
Bayles and Hall, blood erythrocyte sedimentation rate), the 
advancement (stage) of the disease (system of Steinbrocker, 
Traeger and Batterman), and the grade of articular changes 
(system of Kellgren and Lawrence) and size of effusion in joints 
under examination. A statistical analysis was similarly made 
of the effects of the three hormones on the characteristics of the 
synovial fluid, as well as of the mutual correlations between 
the different characteristics of the synovial fluid both before 
application of hormone and after the hydrocortisone treatment. 

3. The mean intrinsic viscosity was lower and the colloid 
osmotic pressure higher in the fluids obtained from cases in 
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stages I and II than those from cases in stages III and [V. The 
mean protein glucosamine concentration of the synovial fluid 
was higher in the cases with slight or no local joint destructions 
than in the cases with marked destructions (Table 25, p. 53). 

4. In the clinically very active cases of rheumatoid arthritis 
the mean potassium and protein glucosamine concentrations 
were higher and the intrinsic viscosity lower than in milder 
cases (Table 25, p. 53). A statistically significant positive correla- 
tion, not applicable to the individual cases, was observed be- 
tween the potassium concentration, the protein glucosamine 
concentration and the colloid osmotic pressure, on the one hand, 
and the blood erythrocyte sedimentation rate, on the other hand. 
The intrinsic viscosity had a negative correlation to the eryth- 
rocyte sedimentation rate (Table 26, p. 53). 

5. The mean total protein concentration and the colloid 
osmotic pressure of the synovial fluid were higher in the joint 
effusions of the largest size and lowest in the smallest effusions 
in cases in stages I and II (Table 27, p. 54). This relationship 
was not observed between the characteristics of the synovial 
fluid and the size of the effusion in the cases in stages III and IV. 

6. The intra-articular application of hydrocortisone reduced 
the potassium, total protein, $-globulin and protein glucosamine 
concentrations and the colloid osmotic pressure and increased 
the intrinsic viscosity of the synovial fluid (Table 28, p. 54). 
Evidence was found of some rise in the y-globulin concentration 
(Table 20, p. 42). Thyroxine or insulin injected into the joint 
cavity did not produce definite changes in the studied charac- 
teristics of the synovial fluid. 

7. A statistically significant positive correlation, not applic- 
able to individual cases, was observed between the hyaluronic 
acid concentration and the total protein concentration and 
between the total protein concentration and the colloid osmotic 
pressure. A negative correlation was found between the potas- 
sium concentration and the intrinsic viscosity, between the 
hyaluronic acid concentration and the protein glucosamine 
concentration, and between the hyaluronic acid concentration 
and the intrinsic viscosity of the synovial fluid (Table 29, p. 55). 
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Page 25, line 15: has should be had 
27, 21: Miettinen : Mettinen 
8, 28: capill-ary capil-lary 


10: hya-luronic hya: uronic 


29: applic-able »— appli-cable 
40: Miettinen -- Mettinen 
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